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ABSTRACT An isolated event flood model is described 
that is based upon the concept of expanding source areas 
using an S-curve function to relate the proportion of 
rainfall that becomes stormflow to the moisture status 
of the catchment. Some features of the Flood Studies 
Team IEM4 model (NERC, 1975) are included in the model 
presented here. The model has been calibrated on a 
number of observed flood events in semiarid and sub-humid 
catchments of South Africa. In reviewing the results, 
the paper assesses not only the level of correspondence 
between observed and simulated stormflows, but also the 
stability of the parameters between storms on the same 
catchment as well as the differences in parameter values 
between catchments with different physiographic and 
climatic characteristics. The results are promising and 
indicate that the model is able to simulate double or 
multi-peaked hydrographs. Further work is required to 
test the wider applicability of the model and to 
investigate the question of parameter estimation when 
calibration is not possible. 
Un modèle de cas isole basé sur des calculs d'écoulement 
direct employant un concept implicite de lieux de 
sources 
RESUME Nous décrivons dans cette étude un modèle 
de crue où celle-ci se produit comme un cas isolé. Le 
modèle se base sur le concept d'étendre les lieux 
d'origine en employant une fonction de courbe-S pour 
établir un rapport entre la proportion de la pluie qui 
devient écoulement, et le degré d'humidité du bassin 
hydrographique. En même temps que le modèle cité, nous 
présentons ici quelques aspects du modèle IEM4 de l'Equipe 
d'Etudes d'Inondations (NERC, 1975). On a étalonné le 
modèle selon quelques inondations observées dans des 
bassins hydrographiques semi-arides ou sub humides de 
l'Afrique du Sud. Dans l'examen des résultats obtenus, 
cette communication détermine non seulement le rapport 
entre écoulements observés et simulés, mais aussi la 
stabilité des paramètres entre averses dans le même 
bassin hydrographique, ainsi que les différences de 
valeurs paramétriques entre bassins dont les traits 
physiographiques et climatiques sont différents. Les 
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résultats sont prometteurs et portent à croire que le 
modèle est capable de simuler les hydrographes doubles ou 
à plusieurs sommets. Il faudra encore de recherches pour 
mettre à l'épreuve une application plus étendue du modèle, 
et pour approfondir le problème de la détermination des 
paramètres là où l'étalonnage n'est pas possible. 
INTRODUCTION 
Many conceptual catchment models have been concerned with fitting 
continuous long-term records in which high flows occupy only a 
small proportion of the time. However, for many applications, the 
major focus of interest is on isolated flood events and it can be 
wasteful to run simulations continuously over long periods of time 
only to extract a few flood events from the vast amount of output. 
Isolated or single event models are concerned only with flood 
events and are consequently more economical in terms of data, time 
and effort, if the user is not interested in simulating long 
continuous runoff sequences. Such a situation exists in flood 
forecasting or design flood determination, especially where the 
shape and timing of the hydrograph are just as important as the peak 
and volume. 
In isolated event modelling a distinction can be made between 
storm runoff models and total moisture accounting catchment models. 
Storm runoff models estimate rainfall excess or direct runoff 
hydrographs from gross rainfall and produce storm runoff (or "quick 
flow") hydrographs as output. The unit hydrograph is one of the 
earliest storm runoff models and requires an external calculation of 
excess rainfall. More recent developments incorporate the excess 
rainfall calculation as part of the model structure (Engman & 
Rogowski, 1974; NERC, 1975; Lee & Delleur, 1976). Total moisture 
accounting catchment models produce total runoff (storm runoff plus 
"delayed flow") as output from inputs of gross rainfall by 
continuously modelling the moisture status of a series of storages 
(Krzystofowicz & Diskin, 1978). 
This study presents the structure of an isolated event storm 
runoff model which was originally inspired by the IEM4 model of 
the UK Flood Studies Report (NERC, 1975, vol. 1, section 7.3). A 
few preliminary results using data drawn from catchments within the 
Republic of South Africa are also given. 
DIRECT RUNOFF ESTIMATION 
Most of the early methods of determining rainfall excess were based 
upon theoretically derived formulae to estimate infiltration 
changes during the progress of a storm. Any rainfall that occurs in 
excess of infiltration then forms the sole contribution to the 
total volume of storm runoff. The majority of these techniques 
have been of a very simple nature and commonly quoted examples 
include the <f> index and those of Horton (1940), Kostyakov (Rode, 
1965) and Phillip (1957). The use of the different methods in the 
same storm runoff model will clearly lead to different runoff 
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rate is assumed to be at the soil surface, then conceptually the 
equations imply that all the storm runoff is generated as overland 
flow. Alternatively, it may be possible to consider the computed 
infiltration rate to be at a deeper soil interface, in which case 
allowance is made for the inclusion of interflow contributions to 
storm runoff. Conceptually, the use of such rainfall excess 
formulae in a lumped parameter model suggests that infiltration 
rates can be assumed to be spatially invariant over the catchment or 
that a single rate can be considered representative of the variation. 
Thus, if low intensity rain (less than the estimated infiltration 
rate) falls during any hour of the storm no increment to stormflow 
will be produced. This conclusion must be at variance with the now 
generally accepted concept of variable source-area runoff generation, 
to the extent that even light rain falling on a saturated or near 
saturated area bordering the channel network will increment storm-
flow through either saturation overland flow or interflow (Dunne, 
1978). 
An alternative to using the infiltration equations referred to 
above is to employ some kind of variable contributing area 
formulation. The Flood Studies Report IEM4 model, makes use of an 
exponential relationship between the initial soil moisture deficit 
(Syc) of the catchment at the beginning of the storm and the 
proportion (runoff ratio) of the gross rainfall which eventually 
becomes quick flow, the runoff ratio then remaining constant during 
any one event. This volume conversion procedure was claimed to be 
"based upon the contributing area concept, where the area of a 
catchment contributing to runoff is a function of initial catchment 
conditions" (NERC, 1975, vol. 1, p. 516). However, it appears that 
a widely accepted feature of the variable source-area concept is 
that the extent of the contributing area not only varies with 
antecedent moisture conditions but also increases during a storm 
event (Betson & Ardis, 1978; Dunne, 1978). Consequently, a runoff 
ratio that remains constant throughout a single storm would seem to 
be conceptually unacceptable and should be replaced by a nonlinear, 
increasing function which is flexible enough to allow for a variety 
of conditions of expanding source-areas that will be experienced on 
different catchments. 
A relatively simple way of using a nonlinear function to 
determine direct runoff is to relate the runoff ratio (ROP) to the 
moisture status (RAT) of the catchment in some way such as is shown 
in Fig.1(a). Conceptually, the runoff ratio can be interpreted as 
the proportion of the catchment that is functioning as a source-area 
at any one time during the storm. Thus all the rainfall falling 
on this becomes direct runoff while the rainfall falling on the 
remainder of the catchment contributes to the increasing moisture 
level and consequently an increasing source-area. In this way, 
antecedent conditions can be used to determine the initial value of 
RAT and thus the first value of ROP. The proportion of rainfall 
that does not become direct runoff can then be used to increment RAT, 
giving a higher ROP in subsequent time periods, determined by the 
form of the function used as well as the time distribution of rain-
fall intensities. Thus the model has the form: 
ROPi = f(STi/SMAX)  (1) 314 D.A. Hughes 
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MOISTURE STORAGE RATIO (RAT) 
Fig. 1 Relationships between catchment moisture status and runoff ratio: (a) possible nonlinear 
functions; (b) generalized symmetrical S-curves; (c) non-symmetrical S-curves. An isolated event model 315 
Et = ROPi Ri (2) 
STi+l =
 STi
 +
 Ri -
 Ei (3) 
where ST^ = moisture level at hour i, SMAX = maximum moisture storage 
level, Rj = rainfall in hour i, and E^ = direct runoff in hour i. 
It can be seen that the concept of an expanding source area is 
implicit in the model formulation. 
Figure 1(a) illustrates the shapes of a number of different 
functions that could be used to relate ROP to RAT, varying from 
steadily increasing and decreasing-slope functions to both S-curves 
and inverted S-curves. In the initial stages of model development, 
a number of different functions were tested but eventually an S-curve 
function was deemed to be the most acceptable from an empirical as 
well as conceptual point of view. It was therefore necessary to 
select a mathematical function which would represent an S-curve in 
the space 0 ^ Y J YMAX, 0 £ X £ 1. The hyperbolic tangent function 
Y = tanhX (or Y = [e
2
x - l]/[e
2
x + 1]) was considered as a starting 
point and is a symmetrical S-curve about the origin which tends 
towards a maximum (minimum) Y, equal to 1 (-1), at X > 2.0 (<-2.0). 
In order to make the shape of the curve flexible it was necessary to 
incorporate three parameters in the equation: 
Y = A(tanh [B(X + C)] + 1) (4) 
where A controls the maximum Y (ROP in the model) value, B the 
slope of the major part of the curve and C the position of the 
curve in X (RAT in the model). The effect of these parameters on 
the curve shapes is illustrated in Fig.1(b). Finally, it was 
necessary to alter the equation to confine the S-curve to the 
desired space and to allow for a non-symmetrical shape. This was 
achieved by incorporating two equations, representing the top and 
bottom halves of the S-curve. Thus for X < C: 
Y = Al {tanh[31(X - C)] + 1) (5) 
and for X >, C: 
Y = A2 {tanh[B2(X - C)] + 1} + D2 (6) 
where 
Al = A DA A2 = A(1.0 - DA) 
Bl = 2.0/C B2 = 2.0/(1.0 - C) 
D2 = A - 2.0 A2 
The point common to both S-curve segments is (C, DA A) and several 
possible shapes are illustrated in Fig.1(c). Thus, while the range 
of possible curve shapes has been greatly extended there are still 
only three parameters A, DA and C from which the exact form of the 
equations can be calculated. 
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a storm, a 20 day antecedent precipitation index can be used, such 
that: 
API = E
2° [DRidC)
1] (7) 
where DRj = daily rainfall total for i-th day before storm, K = 
recession constant 51.0, and the initial moisture ratio RAT = API/SMAX 
where SMAX is defined for equation (1). 
The recession constant, K, has been found by most previous users 
of the API index to lie between 0.85 and 0.98. During the early 
stages of model development various antecedent periods were tried 
but no clear indication of the optimum period to use emerged. 
Consequently, the choice of 20 days was largely arbitrary. The 
routing function used in the model conforms to that used in the Flood 
Studies Report IEM4 model (NERC, 1975). The direct runoff hydrograph 
is first subjected to a time shift (parameter DEL) and then routed 
through a nonlinear reservoir with a storage-discharge relation of 
the type S = AC.QZ, where the parameter AC is the storage constant. 
Full details of the computational procedure can be found in NERC 
(1975, vol. 1, p. 527). 
Although the technique described above for determining direct 
runoff hydrographs should be flexible enough to represent the 
conditions prevailing under many different environments, it is 
necessary to determine values for seven parameters through 
calibration against observed sets of rainfalls and corresponding 
stormflows. 
STORM DATA AND CALIBRATION PROCEDURE 
The storm rainfall and streamflow data used in the calibration of 
the model have been drawn from two climatologically different areas 
of the Cape Province of the Republic of South Africa. The Ecca 
catchments are located some 20 km to the northeast of Grahamstown 
in the semiarid region of the Eastern Cape (Roberts, 1978; Murray 
& Gorgens, 1981) and experience a mean annual rainfall of 
approximately 420 nun. The catchments are maintained by the 
Hydrological Research Unit of Rhodes University specifically for 
catchment modelling research and consequently the data that have 
been collected are of a good quality. The other catchments used in 
this study are situated in the Southern Cape coastal area between 
George and Knysna, and drain the Outeniqua Mountains (Hughes & 
Gorgens, 1981). The rainfall in this region varies between 
approximately 700 mm per annum on the coast to over 1200 mm some 
20 km inland over the mountains. The streamflow and rainfall 
gauging network is part of the South African national network but 
has been supplemented in recent years with additional autographic 
raingauges. Thus, while the area has experienced many more flood 
events during the period of available data than the Ecca area, many 
of these events are unsuitable for modelling purposes due to 
inadequate data. An additional problem is that the autographic 
raingauge netwoek is still sparse and storm rainfall input for some 
catchments has had to be based upon daily totals (from a storage 
gauge) distributed into hourly rainfalls using the records from a An isolated event model 317 
more distant autographic gauge. It is possible that this may 
account for some of the discrepancies between observed and simulated 
hydrographs. Table 1 summarizes some of the characteristics of the 
catchments used. 
Table 1 Catchment characteristics 
Characteristics 
Weir location 
Catchment area (km
2 ) 
MAP (mm) 
Total relief (m) 
Catchment slope 
Drainage density (km km"
2 ) 
Vegetation 
Ecca A 
33° 12' S 
26°41'E 
74.0 
420 
570 
0.20 
4.3 
Ecca B 
33° 12'S 
26°40'E 
9.1 
420 
373 
0.26 
2.3 
Sparse, succulent 
Malgas 
33°57'S 
22°25'E 
34.0 
1015 
1258 
0.39 
2.0 
Indigenous 
Kaaimans 
33° 58'S 
22°33'E 
48.0 
949 
1240 
0.42 
1.4 
forest, 
Soils 
woodland and scrub 
Shallow and stony on 
hilltops but deeper 
colluvial deposits in 
the valley bottoms 
managed pine plantations 
with predominantly 
mountain bushland in 
the higher areas 
Typically about 2 m in 
the foothills but shallow 
and stony in the steeper 
mountain areas 
The data sets used for input to the model consist of 20 daily 
totals of antecedent precipitation, hourly values of storm rainfall 
and hourly values of storm runoff. Storm runoff was separated from 
total streamflow using the method of Hewlett & Hibbert (1967). A 
storm flow event is taken to have begun when the streamflow rises 
faster than the separation line which has a gradient of 5.47 x 10~ 
m
3s
-1krn
_ h"~
x (or 1.13 mm day
_1day
-
1 ). This separation line is then 
projected until it meets the falling limb of the hydrograph , after 
which stormflow is assumed to have ceased. 
The calibration procedure involved a number of stages, primarily 
using an automatic optimization program based upon the technique 
developed by Rosenbrock (1960). The main focus of interest in this 
study has been the variation in the values of the main direct runoff 
parameters between storms on the same catchment as well as between 
catchments. Consequently, a number of model runs were made before 
the calibration proper so that acceptable values for the routing 
parameters could be obtained and thereafter remain constant. This 
was found to be relatively straightforward by checking the timing 
of peak discharge (for DEL) and the shape of the recession limb (for 
AC) against the observed hydrographs. In most cases the antecedent 
recession constant (K) was also kept constant (at 0.9). K was, 
however, allowed to vary for the two Ecca catchments to investigate 
whether seasonal differences might emerge. 
Having established fixed values for DEL and AC, the model was 
calibrated automatically on all the storms individually, using a 
standard set of starting values for each catchment. The resulting 
optimum parameter values were averaged for all storms in each 318 D.A. Hughes 
catchment and used as starting values to fit the model on combined 
storm sets, thus producing a single set of parameter values for the 
catchment. 
The individual storms were then reconstructed using the catchment 
parameter value set so that the deterioration in fit could be 
assessed. The criterion for automatic fitting in all cases was the 
coefficient of efficiency (Aitken, 1973): 
E-l- ^=1<°i-
Si>
2 (8) 
E
m .(0. - 0)
2 
1=1 i 
where m = number of hours modelled, 5 = mean of observed flows, 
0^ = observed flow in i-th hour, and S^ = simulated flow in i-th 
hour . 
DISCUSSION OF RESULTS 
Figure 2(a) illustrates the progression of ROP values (equivalent to 
response area) during the storm of 19 July 1979 on the Ecca B catch-
ment. It can be seen that ROP does not decrease at all during the 
low rainfall period (36-44 h) but rather remains constant. 
Conceptually, it may be thought that the response area (ROP) should 
decline through évapotranspiration and/or subsurface drainage during 
zero-rainfall periods within a multi-peaked storm. However, the 
results illustrated in Fig.2(b) indicate that the second peak is 
modelled quite satisfactorily if the response area remains constant 
between the rainfall periods. The dynamic contributing area 
concept was used quasi-explicitly in a catchment model developed by 
Lee & Delleur (1976) from an earlier hillslope model (Tennessee 
Valley Authority & North Carolina State University, 1970). Their 
method of source area calculation does produce a contracting area 
during zero rainfall periods. The Lee & Delleur (1976) technique 
for estimating direct runoff was used with the antecedent moisture 
storage and routing components of the S-curve model reported here to 
examine whether a declining source area could be an advantage. The 
model fit on all the storms tested that had double or complex peaks 
was very poor indeed, with the second or later peaks being under-
predicted quite severely. A great improvement was noted if the part 
of the formulation causing the source area decline was removed. 
Single peak storms were modelled equally well using either the 
original formulation or the modified one. It should be noted that 
the zero rainfall periods within the storms were always quite short 
(less than 5 h) and that for longer periods a shrinkage of the source 
area is probably necessary for successful simulation. If the S-curve 
model were to be used in such situations, the two peaks could be 
treated as separate events. 
Tables 2-4 list the storm dates, the optimized parameter values 
and the coefficients of efficiency for the storms modelled on the 
four catchments. Also given are the observed stormflow volumes and 
the simulated direct runoff volumes. The figures in parentheses for 
the last two columns refer to the fits obtained using the catchment 
parameter values listed in the last line for each catchment. The 
two values for E therefore illustrate the deterioration in An isolated event model 319 
HOURS FROM RAINFALL START 
Fig. 2 Model results for the storm of 19 July 1979 on catchment Ecca B (parameter 
values given in Table 3). (a) rainfall hyetograph and the progression of ROP during the 
storm; (b) observed and simulated stormflow hydrographs. 
correspondence between observed and simulated stormflow hydrographs 
when overall catchment parameters are used instead of individual 
storm best fit parameters. Some of the fits are graphically 
illustrated in Figs 3 and 4. 
With respect to the fits obtained using individual storm cali-
bration, the model performs acceptably well. Fifteen out of the 
21 storms have coefficients of efficiency greater than 0.8 while 13 
of the storms also have simulated direct runoff volumes within 10% 
of the observed values. There would appear to be very little 
difference in performance on the basis of one to one fit (coefficient 
of efficiency) between the two climatic regions. However, the 
simulation of runoff volume has not been as successful for the semi-
arid storms as for the sub-humid ones. Similarly, the fits obtained 
using overall catchment values are worse for the semiarid storms. 
This is possibly a reflection of the variable storm-producing 
mechanisms that may exist in the semiarid environment and that are 
not adequately represented by the model. The pattern of parameter 
values for Ecca A and B indicates that the antecedent moisture 320 D.A. Hughes 
Table 2 Results of model fitting for individual storms and combined storm sets: Ecca catchments 
(A and B) 
S-curve model 
Storm 
Optimized parameters: 
A DA C SMAX K 
Obs. Direct runoff 
vol. (mm) vol. (mm) E 
Catchment A: DEL 
A1 20.3.76 
A2 19.7.79 
A3 24.7.79 
A4 20.8.79 
All A 
Catchment B: DEL 
B1 20.3.76 
B2 19.7.79 
B3 24.7.79 
B4 20.8.79 
All B 
= 2.5, 
0.28 
0.43 
0.43 
0.50 
0.28 
= 0.2,. 
0,28 
0.38 
0.35 
0.56 
0.28 
AC = 6.0 
0.27 
0.50 
0.36 
0.54 
0.36 
AC = 6.5 
0.32 
0.37 
0.42 
0.50 
0.39 
0.89 
0.87 
0.56 
0.64 
0.57 
0.90 
0.75 
0.88 
0.90 
0.75 
94.6 
122.8 
143.0 
84.7 
97.8 
80.1 
126.7 
137.9 
84.3 
95.3 
0.91 
0.89 
0.82 
0.89 
0.80 
0.88 
0,93 
0.88 
0.94 
0.90 
3.9 
25.5 
6.0 
37.2 
72.6 
3.6 
25.4 
6.9 
23.3 
59.2 
4.2 (5.6) 
24.3(26.3) 
7.3 (7.6) 
27.5(13.5) 
53.0 
4.9 (5.4) 
24.1(24,6) 
8.4 (8.2) 
19.7 (9.6) 
47.8 
0.558(0.251) 
0.973(0.678) 
0.939(0.916) 
0.638(0.169) 
0.417 
0.917(0.841) 
0.955(0.815) 
0.976(0.956) 
0.725(-0.08) 
0.672 
function is not entirely adequate to account for the varying moisture 
conditions prior to storms in such an environment. The storm of 20 
March 1976 was a summer convectional rainfall event falling on a 
very dry catchment and therefore needs a low value for parameter A, 
while that of 20 August 1979 was a winter frontal event falling on 
a catchment at least still relatively moist from the earlier July 
storms, and has a value for both catchments of 0.5 or over. The 
antecedent function, using only the previous 20 days rainfall, has 
not included the effect of the July storms in setting the initial 
conditions for the August event. To increase the number of antecedent 
days may help for winter storms but it would be likely to add an 
erroneous effect in summer due to the high temperatures in this 
season and consequently high évapotranspiration losses . Perhaps a 
different antecedent function is required for winter and summer in 
Table 3 Results of model fitting for individual storms and combined storm sets: 
Kaaimans 
S-curve model 
Storm 
Optimized parameters: 
A DA C SMAX 
Obs. 
vol. (mm) 
Direct runoff 
vol. (mm) E 
DEL =0.5, AC = 10.0, K = 0.9 
26.4.81 
6.6.81 
24.8.81 
27.8.81 
30.8.81 
18.2.82 
All 
Kaaiman; 
0.68 
0.95 
0.88 
0.94 
0.94 
0.78 
; 0.65 
0.57 
0.48 
0.76 
0.37 
0.21 
0.49 
0.48 
0.13 
0.42 
0.15 
0.37 
0.48 
0.33 
0.09 
254.8 
199.0 
271.2 
184.4 
197.8 
195.9 
250.0 
70.81 
9.80 
24.47 
37.48 
52.11 
10.24 
204.91 
66.50(64.50) 
10.30 (8.77) 
25.07(18.64) 
34.30(33.85) 
47.91(50.93) 
14.65(20.52) 
198.96 
0.951(0.945) 
0.370(0.320) 
0.909(0.725) 
0.825(0.734) 
0.806(0.625) 
0.875(0.344) 
0.821 An isolated event model 321 
the semiarid environment. 
Table 5 lists the means and coefficients of variation (Cv) for the 
individual storm parameter sets. While it is not the express purpose 
of this paper to investigate the transferability of parameter values, 
particularly as the sample of catchments is far too small for this 
purpose, it is of interest to note some preliminary observations 
about the differences in the mean parameter values between catchments 
(Table 5). In general, the differences in the shapes of the S-curve, 
Table 4 
Malgas 
Resu 
S-curve model 
Storm 
ts of model fitt ng for ind 
Optimized parameters: 
A 
DEL =0.2, AC-
25.3.81 
26.4.81 
28.5.81 
6.6.81 
27.8.81 
30.8.81 
18.2.81 
0.95 
0.62 
0.95 
0.91 
0.82 
0.95 
0.80 
All Malgas 0.90 
DA 
= 9.0, K 
0.18 
0.70 
0.79 
0.38 
0.47 
0.47 
0.80 
0.80 
C 
= 0.9 
0.24 
0.01 
0.11 
0.22 
0.27 
0.45 
0.02 
0.11 
SMAX 
69.9 
321.7 
50.3 
205.7 
205.5 
219.5 
347.8 
270.3 
vidual storms 
Obs. 
vol. (mm) 
95.2 
75.0 
186.2 
13.6 
44.8 
52.3 
23.6 
490.7 
and combined storm sets: 
Direct runoff 
vol. (mm) 
100.0 (92.9) 
74.8(104.0) 
181.3(143.1) 
13.2 (15.1) 
39.0 (57.6) 
54.9 (69.9) 
27.8 (30.2) 
512.8 
E 
0.806(0.768) 
0.971(0.593) 
0.907(0.841) 
0.573(0.520) 
0.815(0.266) 
0.859(0.692) 
0.765(0.750) 
0.778 
as determined by the parameters A, DA and C, are conceptually 
explicable in terms of the characteristics of the four catchments. 
The semiarid curves remain flat and very low (high C values) until 
RAT reaches a value of about 0.8. Both Ecca catchments have 
relatively extensive alluvial and colluvial deposits surrounding 
their mainstream channels which can act as "sponges" for much of the 
surface or subsurface flow generated on the thin-soiled slopes. The 
storm of 24 July 1979 on Ecca A has a value for C of 0.56 even though 
the valley bottom might be expected to be very wet from an earlier 
storm (19 July 1979). Some small flow events that were the result 
Observed 
Simulated using 
combined parameters 
30 40 50 60 
HOURS FROM RAINFALL START 
Fig. 3 Model results for the storm of 19 July 1979 on Ecca B using the overall 
catchment parameter values given in Table 2. 322 D.A. Hughes 
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Fig. 4 Observed and simulated stormflow hydrographs for: (a) the storm of 24 July 
1979 on catchment Ecca A using individual storm and overall catchment parameter 
values; (b) the storm of 30 August 1981 on the Kaaimans catchment; and (c) the 
storm of 28 May 1981 on the Malgas catchment. 
of very intense summer thunderstorms were very poorly modelled and 
this is thought to be a consequence of a large amount of surface 
runoff in rills and gulleys reaching the mainstream and bypassing 
the "sponge" effect of the valley bottom. However, the peak flows 
and flow volumes of these events were too low for them to be 
considered true flood events. An isolated event model 323 
The two sub-humid catchments have much higher runoff proportions 
over the whole range of the S-curves. They both rise rapidly at 
low moisture levels and then begin to level off at RAT values of 
about 0.8. The Malgas, being the steeper catchment of the two, has 
an S-curve producing higher runoff proportions than the Kaaimans 
(higher DA and lower C) and also has a marginally lower mean SMAX 
value. Thus, the initial results from these few catchments are 
relatively promising from the point of view of subjective parameter 
interpretation using gross catchment characteristics. It is 
proposed to investigate this point in far more detail following 
Table 5 Means and coefficients of variation of individual storm parameter values 
S-curve model 
Catchment 
Ecca A 
Ecca B 
Kaaimans 
Malgas 
A 
0.41 
0.23 
0.39 
0.26 
0.86 
0.13 
0.86 
0.14 
DA 
0.42 
0.30 
0.40 
0.19 
0.48 
0.47 
0.61 
0.38 
C 
0.74 
0.22 
0.86 
0.08 
0.31 
0.46 
0.19 
0.62 
SMAX 
111.3 
0.24 
107.3 
0.27 
217.2 
0.17 
202.9 
0.56 
Note: The first line for each catchment gives the mean values and the second line gives 
the coefficients of variation (= standard deviation/mean). 
the calibration and verification of the model on far more catchments. 
Lee & Delleur (1976) developed a regression equation relating the 
main parameter in their direct runoff equation to the storm runoff-
ratio, which in turn was found to be related to rainfall intensity, 
rainfall volume, minimum daily temperature and a soil permeability 
index. Further investigations in the catchments studied here as well 
as others should reveal whether similar relationships can be 
developed in southern Africa for the parameters of the S-curve model. 
Should this be possible it would enhance the applicability of the 
model, particularly as it would then be possible to estimate sets 
of parameter values which varied between storms on the same catchment. 
In the absence of such storm-specific relationships it would be 
necessary to rely upon estimates of average catchment parameter 
values using subjective parameter transfer techniques if the models 
were to be used in either an ungauged catchment or to predict a 
future event on a gauged catchment. 
There are thus two possible approaches to model application that 
warrant further research in the future. The first is to investigate 
whether average catchment parameter values can be determined that 
will adequately reproduce hydrographs over a wide range of storm 
types. The second is to discover whether event-specific relation-
ships between parameter values and storm-plus-catchment character-
istics can be determined. While this paper has gone some way to 
assessing the value of the first approach, a thorough assessment 324 D.A. Hughes 
of both requires more data than have been used in the model 
development to allow both calibration and verification over a wide 
range of catchments and storms. 
CONCLUSIONS 
(a) It has been possible to formulate an isolated flood event 
model in which the expanding source area concept is implied. The 
model uses a direct runoff function based upon a flexible S-curve 
relationship between catchment moisture status and the proportion of 
rainfall that becomes runoff. 
(b) The results of calibrating the model using some storms drawn 
from semiarid and sub-humid South African catchments are encouraging 
and illustrate that the model can be used for complex storms with 
more than one flow peak. The antecedent rainfall function which 
determines the initial moisture status of the catchment is one aspect 
of the model where there is need for improvement. The relatively 
simple function used does not appear to be adequate to account for 
the variable moisture conditions that occur prior to storms. This 
conclusion is particularly relevant to the semiarid region of the 
Eastern Cape where there are very distinct seasonal differences in 
rainfall characteristics. 
(c) The variation in parameter values between storms on the same 
catchment and between different catchments are broadly explicable in 
terms of catchment and storm characteristics. The question of 
parameter interpretation requires further research, involving the 
calibration and verification of the model on far more catchments. 
Only then will it be possible to consider whether the model will be 
truly flexible and applicable, say, to design situations when 
calibration using observed data is not possible. 
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